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$|\delta \mathrm{v}(l)|$ ($l\ll L,$ $L$
) . , , ,




Lagrangian velocity auto-correlation . $\nu=0$ ,
$t-s$ , $[1]1^{s}1$
$R_{L}(t, s)= \langle \mathrm{v}(t)\cdot \mathrm{v}(s)\rangle=c_{0}+\frac{1}{2}C_{2}(t-S)^{2}+\cdots$ , $t\geq s$ . (1)
,
$C_{0}$ $=$ $2 \int_{0}^{\infty}E(k, S)dk$ ,
$C_{2}$ $=$ $- \langle(\nabla p(\mathrm{X}, S))2\rangle=-\int_{0}^{\infty}k^{2}P(k, S)dk$
$=$ $- \int\frac{\langle D(\mathrm{k},s)D(-\mathrm{k},S)\rangle}{k^{2}}d\mathrm{k}$, (2)
$D( \mathrm{k}, s)=kik_{j}\int\int_{\mathrm{P}+=}\mathrm{q}\mathrm{k}d\mathrm{p}d\mathrm{q}ui(\mathrm{p}, s)uj(\mathrm{q}, s)$ , (3)
$\langle p^{2}(_{\mathrm{X}}, s)\rangle=\int_{0}^{\infty}P(k, S)dk$ . (4)
(2) $R_{L}(\tau)$ .
Gauss .
$C_{2}^{G}$ $=$ $- \langle(\nabla p(\mathrm{X}, S))2\rangle G=-\int_{0}^{\infty}k^{2}PG(k, S)dk$
$=$ $- \int_{0}^{\infty}dk\int_{0}^{\infty}dqkqJd(\frac{q}{k})E(k, s)E(q, S)$ . (5)
$J_{3}(x)= \{(a^{2}-1)2\log\frac{1+a}{|1-a|}-2a+\frac{10}{3}a^{3}\}/(2a^{4})$ , $a= \frac{2x}{1+x^{2}}$ , (3-D)
$J_{2}(x)=\{$
$3x-X3$ , $x<1$ ,
$3/x-1/x^{3}$ , $x\geq 1$ . (2-D)
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, $R_{L}(\tau)$ . , ,
$\tau=t-s$ $K$ .
$K( \tau)=\int_{0}^{\mathcal{T}}\langle \mathrm{v}(0)\cdot \mathrm{V}(T)’\rangle d\tau^{r}=\int_{0}^{\tau_{R_{L(}}}\tau’)d_{\mathcal{T}’}$. (6)
$K$ $R_{L}(\tau)$ . , $|C_{2}|$ $|C_{2}^{G}|$ , $R_{L}(\tau)$
, Navier-Stokes (N-S) Gaussian
. .
, .
Gotoh &Rogallo (1994) ,
, ,
turbulent field Gaussian field , $R_{\lambda}$ , 3 (Gotoh&
Rogallo, 1994) 2 .
2 Numerical simulation
, forcing – . Forcing
$\alpha(k, t)$ ,
. ,
drag term $d\nabla^{-2}\omega$ .
[3-D] (CTR data $\mathrm{b}\mathrm{a}s\mathrm{e}^{1}2]$ )
$( \frac{\partial}{\partial t}+I^{\text{ }}k^{2}-\alpha(k, t))ui(\mathrm{k}, t)=Mi\iota m(\mathrm{k})$ $\sum$ $u\iota(\mathrm{p}, t)um(\mathrm{q}, t)$ ,
$\mathrm{p}+\mathrm{q}=\mathrm{k}$
$\alpha(k, t)=\{$




$N^{3}=256^{3}$ for $R_{\lambda}=172,96$ ,
$N^{3}=128^{3}$ for $R_{\lambda}=63$ ,
$N^{3}=64^{3}$ for $R_{\lambda}=38$ .
[2-D] (present)
$\frac{\partial\omega}{\partial t}+\frac{\partial\Psi}{\partial y}\frac{\partial\omega}{\partial x}-\frac{\partial\Psi}{\partial x}\frac{\partial\omega}{\partial y}$ $=$ $F_{\omega}+d\nabla^{-2}\omega+\nu\nabla^{2}\omega$ ,
$\nabla^{2}\Psi$
$=$ $-\omega$ ,
:Gaussian force ($4\leq k\leq 6$ , white noise in time),
$d=\{$
$c$ , for $k\leq 3$ ,
$0$ , otherwise.
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: $\omega(\mathrm{x})=0$ , $(t=0)$
$N^{2}=2048^{2}$ for $R_{\lambda}=42$ ,
$N^{2}=1024^{2}$ for $R_{\lambda}=25$ ,
$N^{2}=512^{2}$ for $R_{\lambda}=19$ .
$R_{\lambda}$ .
$R_{\lambda}(t)= \frac{\{\Omega(t)\}^{3/2}}{\eta(t)}$ , (2-D),
$R_{\lambda}(t)= \frac{\lambda_{3}(t)\cdot u(t)}{\nu}$ , $\lambda_{3}(t)=\sqrt{\frac{5E(t)}{\Omega(t)}}$, (3-D).
$E(t)= \frac{1}{2}\langle|\mathrm{u}(\mathrm{x}, t)|^{2}\rangle=\int_{0}^{\infty}E(k, t)dk$ :Total energy per unit mass,
$\Omega(t)=\frac{1}{2}\langle|\omega(\mathrm{x}, t)|^{2}\rangle=\int_{0}^{\infty}k^{2}E(k, t)dk$ :Enstrophy,
$\eta(t)=2\nu\int_{0}^{\infty}k^{4}E(k, t)dk$ :Enstrophy dissipation rate.
(de-aliased spectral methods) .
3 Result






$E(k)\propto k^{-3}$ $R_{\lambda}=42$ .




Fig 1. (a) (2-D) : $\eta^{-2/3}k^{3}E(k)$ ; $R_{\lambda}$ 100 step
plot . (b) (3-D) : $E(k)$ ; plot $(R_{\lambda}=96)$ .
One-point one-time statistics (3-D pressure field)
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$p/\mathit{0}_{p}$ $p/u_{p}$
Fig 2. $P$ pdf (3-D). (a) $R_{\lambda}$ plot (N-S field). – : $R_{\lambda}=172,$ $—-$ : $R_{\lambda}=96$,
–: $R_{\lambda}=63$, –: $R_{\lambda}=38,$ $\mathrm{O}:\mathrm{G}\mathrm{a}\mathrm{u}\mathrm{s}\mathrm{s}\mathrm{i}\mathrm{a}\mathrm{n}$. (b) N-S field $\mathrm{v}\mathrm{s}$. Gaussian velocity field; –:
N-S field $(R_{\lambda}=172),$ $+—-$ : Gaussian field, $\mathrm{O}:\mathrm{G}\mathrm{a}\mathrm{u}\mathrm{s}\mathrm{s}\mathrm{i}\mathrm{a}\mathrm{n}$.
(N-S field) pdf Fig 2(a) . ,
exponential form $P(p)$ oc $\exp(-a|p/\sigma_{p}|^{\alpha})$ .
$a$ , $\alpha$ 1 . tail $R_{\lambda}$
, $\alpha$ $R_{\lambda}$ . Gauss
, $R_{\lambda}$ . N-S field
Gaussian velocity field pdf Fig 2(b) . N-S field
, tail N-S .
$P,i(\equiv \mathrm{g}_{x_{*}})$ 1 pdf Fig 3(a) . ta $R_{\lambda}$
. Fig 3(b) $R_{\lambda}=172$ 3 Gaus-
sian field 3 . . , N-S field
Gaussian velocity field , N-S field tail stretched
exponential form $P(p_{i},)\propto\exp(-b|P,i/\sigma_{p},:|^{\beta}),$ ( $b$ , $0<\beta<1$ ) , tall
$\beta\sim 1/2$ .
(Gauss ) [2].
One-point one-time statistics ($\mathit{2}- D$ pressure field)
pdf Fig $.4.(\mathrm{a})$ . .
exponential tall , $R_{\lambda}$ tail $R_{\lambda}$
. Gaussian field (Fig $4.(\mathrm{b})$ ) , N-S
tail . Gauss . ,
. N-S field Gaussian field
.
2 pdf Fig 5(a) . . ,
, N-S field tail $P(p_{i},)\propto\exp(-a’|p,i/\sigma_{p,:}|^{\alpha})$
’
, $R_{\lambda}$
. Gaussian field (Fig $5.(\mathrm{b})$ ) , tail ,
Gaussian .






Fig 3. $P,i$ pdf (3-D). (a) $R_{\lambda}$ 1 . (N-Sfield)– : $R_{\lambda}=172,$ $—-$ :
$R_{\lambda}=96,$ $\cdots\cdots\cdot$ . : $R_{\lambda}=63$, –: $R_{\lambda}=38,$ $\mathrm{O}:\mathrm{G}\mathrm{a}\mathrm{u}S\mathrm{s}\mathrm{i}\mathrm{a}\mathrm{n}$. $(\mathrm{b})$ N-S field $\mathrm{v}\mathrm{s}$ . Gaussian velocity field;
– : $\partial p/\partial x,$ $—-$ : $\partial p/\partial y,$ $\cdots\cdots\cdot$ . : $\partial p/\partial z$ for N-S $(R_{\lambda}=172);+--$ : $\partial p/\partial x,$ $0_{-}---$ : $\partial p/\partial y$ ,
$\mathrm{X}^{--}-\cdots$– : $\partial p/\partial z$ for Gaussian filed; $\mathrm{O}:\mathrm{G}\mathrm{a}\mathrm{u}\mathrm{s}\mathrm{s}\mathrm{i}\mathrm{a}\mathrm{n}$.
Fig 4. $P$ pdf (2-D). (a) N-S field. (b) Gaussian velocity field.





Fig 6. (a) (3-D)( ): $\overline{\epsilon}\nu 1/4-5/4E(k)$
(3-D)( ): $R_{\lambda}^{-1/2/}\overline{\epsilon}\nu^{-1/}k^{2}322P(k)$ . (b) Ratio function (3-D) : $F_{3}(k)=$
$\int_{0}^{k}k^{;2}p(k’)dk;/\int_{0}^{k}k^{\prime_{2}}pc(k’)dk’$;– : $R_{\lambda}=172,$ $—-$ : $R_{\lambda}=96$,-.....,. : $R_{\lambda}=63,$ $-\cdot-$ :
$R_{\lambda}=38$ .
Ratio function .
$F_{3}(k)= \int_{0}^{k}k’2P(k’)dk’/\int_{0}^{k}k^{\prime 2\prime}PG(k’)dk$. (7)
, $F_{3}(k_{\max})$ $\frac{\langle(\nabla p)^{2}\rangle}{((\nabla p)^{2}\rangle_{G}}$ . Fig $6.(\mathrm{b})$ Ratlo functlon $F_{3}(k)$ . $R_{\lambda}$
$-f\mathrm{E}\mathrm{f}\mathrm{f}\mathrm{i}’\ovalbox{\tt\small REJECT}_{\sim 1}\underline{\not\cong}\llcorner \text{ }\backslash 6\text{ ^{}\backslash }\text{ }k$ . , $R_{\lambda}$
Gaussian field N-S
. , Lagrangian velocity auto-correlation N-S Gaussian field
, $R_{\lambda}$ .
Fig 7(a) . P(
$P_{G}(k)$ . ratio , Fig $.7.(\mathrm{b})$ .
$K_{1}(k)= \frac{P(k)}{P_{G}(k)}$ . (8)
$R_{\lambda}^{1/2}$ $k/k_{d}\leq 1/2$ - ,
$K_{1}(k) \simeq\alpha 3R_{\lambda}-1/2\mathrm{g}\mathrm{l}\mathrm{o}(\frac{k}{k_{d}})+\beta_{3}$ , $k/k_{d}\leq 1/2$ (9)
. $\alpha_{3}$ (Kolmogorov 1962, Oboukhov 1962)
$\alpha_{3}=\frac{2\mu}{9}$ , (10)
, $\mu$ 0.2\sim 0.25 - .
Two-points one-time statistics (2-D pressure field)
Fig 8(a) . $R_{\lambda}$
. (Fig $6.(\mathrm{a})$ )
, forcing ,
. Ratio function $F_{3}(k)$ (Fig $8.(\mathrm{b})$ ) –
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Fig 7. (a) (3-D): $P(k)$ or $P_{C\pi}(k)-$ : $P(k),$ $—-$ : $P_{C},(k)$ . (b)
ratio (3-D) : $R_{\lambda}^{-1/2}K_{1}(k)$ .
. ,
Gaussian . $F_{3}(k_{\max})$ $R_{\lambda}$
. , Lagrangian velocity auto-correlation N-S Gaussian
$(R_{\lambda}\leq 42)$ .
Fig $.9.(\mathrm{a})$ . $P(k)$ $P_{G}(k)$ .
Fig 9(b) , , $R_{\lambda}$ - , $k/k_{d}>1$





Fig 8. (a) (2-D): $\overline{\eta}^{-5//2}\epsilon_{\nu^{-3}}k2P(k)$ . (b)
Ratio function (2-D) : $F_{3}(k)= \int_{0}^{k}k^{\prime 2}P(k’)dk’/\int 0Pk^{\prime 2}c(k’)dk’k$
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(a) (b)





pdf N-S field tail stretched exponential form ,
Gaussian velocity field , N-S field tail
exponential form , Gaussian field \supset .
Ratio function $F_{3}(k)= \int_{0}^{k}k^{\prime 2}P(k’\rangle$ $dk’/ \int_{0}^{k\prime}k’2PG(k’)dk$
– , $R_{\lambda}$ $(R_{\lambda}\leq 42\rangle$ .
$P(k)$ $P_{G}\text{ }$ . ,
$P(k)/P_{G}(k\rangle$ $\simeq\alpha_{2}\log(k/k_{d})+\beta_{2},$ $\alpha_{2}\sim-0.19$ , $R_{\lambda}$
$(\dot{R}_{\lambda}\leq 42),.\text{ _{ } _{ ^{ }} }$ . $[$
N-S field N-S field
Gaussian velocity field . ,
, , ,
Gaussian . ,
Gaussian theory . ,
$P(K\rangle$ $/P_{G}$ ( N-S field Gaussian field . ,
Non-Gaussian theory .
[1] T.Gotoh, $\mathrm{R}.\mathrm{S}$ .Rogallo, $\mathrm{J}.\mathrm{R}$.Herring and $\mathrm{R}.\mathrm{H}$.Kraichnan, 1993, Phys. Fluids. A5, 2846.
[2] T.Gotoh and $\mathrm{R}.\mathrm{S}$.Rogallo, 1994, $\alpha Stati_{S}ti_{C}s$ of pressure and pressure gradient in homogeneout
isotropic turbulence, ” Center for Turbulence Research, Proceedings of the Summer Program
1994 pp.184.
[3] Y.Kaneda and T.Gotoh, 1991, Phys. Fluids. A3, 1924.
[4] A.N.Kolmogorov, 1962, J. Flnid Mech. 13, 82.
[5] A.M.Oboukhov, 1962, J. Fluid Mech. 13, 77.
117
